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630a Wednesday, February 29, 2012molecular extension of single oligomers having controlled composition varied
with the force applied by an optical trap. Whereas monomeric a-synuclein is
mostly unstructured, a-synuclein dimers and tetramers formed many different
structures with a surprisingly broad range of sizes and stabilities. Many were
highly stable, while others were only marginally so and interconverted rap-
idly; most stable structures formed quickly, within tens of seconds. These re-
sults provide a new window into the complex folding landscape of protein
oligomerization, highlighting the structural heterogeneity of even the smallest
oligomers.
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The pathological aggregation of a-synuclein (AS), a 140-aa presynaptic pro-
tein, is cytotoxic to motor neurons in the brain and thus constitutes a major fac-
tor in the etiology of Parkinson’s disease (PD). AS is intrinsically unstructured
and adopts no preferred fold in solution. Since low molecular weight oligomers
of AS are considered to be the most toxic species in PD it is important to study
the conformers of monomeric AS. In our current investigation we combine
classical molecular dynamics (MD) simulations with experimental FRET mea-
surements to determine distance relations in the N-terminus and the NAC re-
gion of AS. With extended MD simulations (~ 90ms) we first generated
ensemble structures of monomeric AS molecules. From these trajectories snap-
shots were extracted and the appropriate amino acids mutated at eight different
FRET label positions respectively. The FRET pair consists of a tryptophan as
the donor and a coumarine dye attached to a cysteine as the acceptor. QM cal-
culations were carried out to parameterize the coumarine dye for the AMBER
99SB force field and to determine transition dipole moments. From the AS MD
simulations with the attached FRET labels instantaneous donor-acceptor dis-
tances rDA and values of the orientation factor k
2 can be extracted. Applying
Fo¨rster’s theory energy transfer efficiencies are calculated and compared to
the experimental findings. With the directly available values rDA and k
2 we
get an improved structural characterization of the disordered AS ensemble.
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In NMR spectroscopy, paramagnetic relaxation enhancement (PRE) can be
used to probe transiently formed long-range contacts in macromolecular struc-
tures. This is particularly powerful for the structural characterization of intrin-
sically disordered and unfolded proteins. Here we assess the structural
information encoded in PRE data, and its use in describing ensemble represen-
tations of disordered states. We seek to determine both the optimal number of
PRE labels for structural determination as well as their capabilities in reproduc-
ing contact regions and contact populations. We first constructed several en-
sembles of a model protein with a variety of imposed tertiary contacts, and
then attempted to reproduce the ensembles through simulations restrained by
theoretical PRE intensities. Almost universally, the PRE data is able to recap-
ture the contacts of the synthetic ensembles provided that one PRE label is
placed every 10-20 residues. However, the degeneracy inherent in ensemble-
averaged PRE data, compounded by the radius to the minus sixth dependency,
makes it difficult to distinguish between contact distances and populations. As
a consequence, while the contacts themselves remain visible, their populations
are largely determined by the size of the simulated ensemble.
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Intrinsically disordered proteins (IDP) or regions (IDR) fail to adopt stable sec-
ondary or tertiary structures under physiological conditions. 30% of eukaryoticproteins are IDPs while 50% of eukaryotic proteins and 70% of signaling pro-
teins contain IDRs. IDPs sample heterogeneous conformations and characteriz-
ing their conformational ensembles is important to understand the role of
disorder in IDP function. Recent work has shown that the phase behavior of
IDPs with up to 50 residues can be predicted from their net charge per residue.
To test the validity of this phase diagram for longer IDPs, we have carried out
systematic and comparative computational studies on different IDPs/IDRs with
more than 100 residues and low net charge per residue (~0.1). Our results show
that in contrast to the phase diagram predictions of disordered globules, these
longer IDPs can adopt semi-extended conformations that appear to have the
characteristics of fractal globules or other polymeric mesophases with large
conformational heterogeneity. The sequence patterning of positively and neg-
atively charged ‘‘blobs’’ appears to be the primary determinant of deviations
from predictions based on net charge per residue. Although the latter is valid
within locally compact domains, the charge patterning acts as the primary mod-
ulator of stochastic inter-blob and inter-domain electrostatic interactions. The
encoding between sequence patterning and the probabilities of through-space
inter-blob and inter-domain contacts can be inferred and our ongoing efforts
are focused on formalizing a theoretical framework to predict the effects of var-
iations in charge patterning at the sequence level on the conformational ensem-
bles of longer, functionally relevant IDPs and IDRs.
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Interactions in protein denatured state ensembles (DSE) influence protein sta-
bility and folding kinetics. Characterization of DSE is difficult because of
the underlying conformational heterogeneity. Recent paramagnetic relaxation
enhancement (PRE) measurements show evidence for persistent non-local in-
teractions in the N-terminal domain of ribosomal protein L9 (NTL9) under
strongly denaturing conditions. Surprisingly, these contacts between residues
distal in sequence prevail despite the lack of detectable secondary structure
and evidence that the protein samples significantly expanded conformations.
We present results from computational thermal unfolding studies on the
NTL9 protein to provide an explanation for the observed long-range contacts.
The simulations are based on the ABSINTH implicit solvation model and uti-
lize efficient Monte Carlo methods for conformational sampling. We identify
a temperature range that yields ensembles consistent with the experimental
data as inferred by direct, quantitative comparison of experimental observables
from simulation results to experimental data. We refer to these ensembles as
TD-ensembles which were generated without any a priori knowledge of the ex-
perimental data and analyze these ensembles to provide a quantitative interpre-
tation of experimental results. Persistent non-local contacts are made
throughout the NTL9 DSE without appreciable secondary structure; the most
significant being relatively low-likelihood hydrophobic clusters and contacts
between the N-terminal and central portion of NTL9. Our results explain
how the average dimensions of denatured proteins conform to the statistics
of self-avoiding random walks despite sampling conformations with low likeli-
hoods of long-range contacts.
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The coupled folding and binding mechanism of intrinsically disordered pro-
teins (IDPs) creates energetic consequences that yield strong, specific interac-
tions yet with the ability to adapt toward multiple different binding targets. To
understand the role of IDP structural flexibility, characterization of the confor-
mational ensemble of the unbound molecule along with determination of its tra-
jectory toward the bound state is required. We used small-angle neutron
scattering (SANS) to investigate the structural ensemble of an intrinsically dis-
ordered region of activator for thyroid hormone and retinoid receptor (ACTR),
a binding partner of the transcription coactivator CREB binding protein (CBP).
The structures generated computationally using the ensemble optimization
method (EOM) to fit the SANS data displayed size distributions that indicate
unbound ACTR samples compact states that are comparable to the bound
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folding propensity of ACTR and its target IDP region of CBP using circular di-
chroism spectroscopy and osmotic stress. Both IDPs adopt increased alpha-
helical content with applied osmotic stress for several different osmolytes,
which demonstrates the ability of these regions to fold absent of a binding part-
ner. This research presents new opportunities for investigating IDP structures.
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The elasticity of many human tissues like skin, blood vessels, and lungs, is im-
parted by a self-assembling extracellular matrix protein called elastin. Elastin
has received considerable interest due to the potential for developing new bio-
mimetic materials. However, advances are impeded because the molecular ba-
sis for self-assembly and elastomeric properties are still largely unknown.
Tropoelastin, the monomeric precursor of elastin, consists of alternating hydro-
phobic and cross-linking domains. Hydrophobic domains are responsible for
self-aggregation. In a previous study, we have shown that the hydrophobic do-
mains of elastin and of all other known self-assembling elastomeric proteins,
such as spider silks and insect resilin, remain disordered even in the aggregated
state, which serves at once to avoid the formation of ordered, inert amyloid fi-
brils, and to provide the entropic driving force for elastic recoil characteristic of
rubber-like polymers (Rauscher et al., Structure 2006). Intriguingly, certain se-
quences have the propensity to self-assemble into either amyloid-like or
elastin-like aggregates, depending on solvent conditions. In particular, certain
hydrophobic elastin-like peptides can form an elastin-like film in methanol so-
lution but amyloid in water (Flamia et al. 2004). In this study, we use atomistic
molecular dynamics simulations in explicit solvent to examine solvent effects
on a set of model elastin-like and amyloidogenic peptides as a means to probe
the balance of structural and physical forces modulating the conformational
equilibria and self-aggregation propensities of these peptides.
Flamia, R., Zhdan, P.A., Martino, M., Castle, J.E., Tamburro, A.M. (2004).
AFM study of the elastin-like biopolymer poly(ValGlyGlyValGly). Biomacro-
molecules. 5, 1511–1518.
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Intrinsically disordered proteins (IDPs) are abundant in nature and play im-
portant roles in many cellular processes. Developing a description of struc-
tural ensembles for IDPs is essential for understanding their function. In
this study we introduce a broad ensemble generator with reweighting
(BEGR) approach to determine all-atom structural ensembles for the transac-
tivation domain p53TAD of the p53 protein. This approach uses computer
simulation to generate a large pool of candidate structures that are then re-
weighted to best fit experimental data. The p53TAD is an IDP that is in-
volved in cellular signal transduction, genome re-generation, regulation of
both cellular division and cellular death. Results from our study show that
while independent BEGR ensembles do not appear to be structurally similar,
one can calculate features that are persistent between ensembles. These find-
ings suggests that the persistent features have biological significance, and that
one should gauge the quality of the ensembles based on the ability to repro-
duce these features.
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The presence of soluble Amyloid-b (Ab) peptide in extra-cellular brain tissue
correlates better with symptoms of Alzheimer’s disease than the insoluble fi-
brils, but the structure of the neurotoxic Ab oligomeric species is unknown.The monomeric form is an intrinsically disordered peptide (IDP), which does
not adopt a unique folded conformation in solution. We have characterized
the ensemble of structures sampled by Ab in its monomeric form, using all-
atom molecular dynamics (MD) simulations to interpret Nuclear Overhauser
Effect (NOE) NMR cross-peak data. This technique is sensitive to structural
correlations that are long-range in peptide sequence, and can therefore report
on the tertiary structure of the peptide.
The NMR experimental observables, especially NOE contacts, that we calcu-
lated from our simulated peptide ensembles are in very good agreement with
the experimental data. For both the Ab42 and Ab40 monomers, we find that
the peptides sample conformations reflecting all possible secondary structure
categories and span the range of IDP classifications from collapsed structured
states to highly extended conformations. We also present several important dif-
ferences in the Ab40 and Ab42 ensembles, which could be interpreted to help
understand why the two similar peptides differ in behavior both in vivo and
in vitro.
The heterogeneous monomeric ensemble could allow for many different olig-
omers to form, depending on the starting conformation of the monomers. We
present preliminary data on Ab42 dimers formed from monomers present in
our all-atom ensemble, using coarse-grained MD, and observe the variety of di-
mer conformations, dubbed polyamorphs, that arise from the diverse monomer
population.
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Alzheimer’s disease has been identified as a progressive, neurodegenerative
disorder associated with protein misfolding due to the aggregation of mono-
meric beta-amyloid proteins (A-beta) to form fibrillar plaques. Experimental at-
tempts to purify and chemically analyze the structure of A-beta protofibrils and
to elucidate the mechanism of fibril formation have yet to reveal much about
the molecular etiology of AD, due to the low solubility and non-crystalline na-
ture of A-beta. Experimentally, it is shown that the 43-residue strand of A-beta
has higher cytotoxicity than the 40 or 42 strands. To better understand the re-
lationship between the number of residue and the fibril-forming propensity of
the peptide we have ran several all atom explicit water molecular dynamics
simulations of A-beta strands of 40, 42, and 43 residues starting from their
NMR structures. Overall, our simulations shows a transition of existing alpha
helices to 3(10)- or pi-helices in agreement with experimental data. Our simu-
lation of A-beta 40 and 42 residue strands confirms the substantial shift of sec-
ondary structure formation due to the additional two residues. However, it is
interesting that the addition of the 43rd residue (threonine) only cause a small
secondary structure change in the A-beta strand of 42 residues. Therefore it
seems that the residues 41 and 42 are more important in secondary structure for-
mation than the residue 43.
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Amyloid ß (Aß) peptides are a primary component of fibrils and oligomers im-
plicated in the etiology of Alzheimer’s disease. However, the intrinsic flexibil-
ity of these peptides has frustrated efforts to investigate the secondary and
tertiary structure of Aß monomers, whose conformational landscapes directly
contribute to the kinetics and thermodynamics of Aß aggregation. In this
work, de novo replica exchange molecular dynamics (REMD) simulations on
the ms/replica timescale are used to characterize the structural ensembles of
Aß42, Aß40, andM35-oxidized Aß42, three physiologically prevalent isoforms
with substantially different aggregation properties. Further, comparisons of J
coupling (3JHNHA and
3JN’HB) and residual dipolar coupling (RDC) data calcu-
lated from the REMD trajectories with their corresponding experimental values
are used to validate these simulations and monitor equilibration. Our analysis
indicates that all simulations converge on the 100 ns/replica timescale toward
ensembles that yield good agreement with experimental J couplings and RDCs.
Though all three Aß species adopt highly heterogeneous, weakly structured
ensembles over the course of the simulations, we describe an Aß with sub-
stantially more ß propensity than other computational studies that rely on
less extensive sampling. Prevalent trends in secondary structure proclivities,
